Dispatching Method of Manufacturing Integrated Circuit 



Fi?)H nf the Invention 

The present invention relates to a dispatching method of manufacturing 
integrated circuit (IC), and more particularly, to a dispatching method by push and pull 
two-way in accordance with the needs of each workstation. 

Background of the Invention 

As the semiconductor processes develop to use very large scale integration 
(VLSI) technology, all the IC processes become more complex and difficult. 
Hundreds of steps are needed to manufacture IC chips with high integration, and a lot 
of wafers are manufactured by using numerous different workstations that may reuse 
the apparatuses of the same type, and lots of wafers are manufactured by using the 
workstation with the same type of apparatuses. Thus, the complexity of dispatching is 
increased for such inextricable processes. For the semiconductor industries, due to 
the limited resources of the IC factory, it is the most important to map out the optimal 
dispatching principles so as to form the production line with high efficiency. 
Unsuitable dispatching principles frequently delay the process cycle time, and even 
reduce the utility of the apparatuses, and hence the custom satisfaction is reduced due 
to decrease of the flexible cycle life of products. With regarding to topic discussed 
above, semiconductor industries usually can increase outputs and achievements of 
apparatuses by improving dispatching principles, and cut down the waiting time of lots 
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of wafers in production lines simultaneously, wherein properly determining the 
priorities of lots of wafers can decrease the cycle time of processes, and increase 
utilities of equipments, and deliver the goods on time. 

FIGURE 1 illustrates the general dispatching method of manufacturing IC. 
Referring to FIGURE 1, in IC factories, after obtaining the data of work in processes 
(WIP) 10 in equipments, priorities of lots of wafers are determined by respective 
parameters and method 12, such as the delivery time and production of equipments, 
etc., and lots of wafers are dispatched by each of the priorities 14, and then the 
dispatching procedures of equipments are finished accordingly. 



Summary i}f the Invention 



In consideration of increasing outputs and achievements of apparatuses, and 
cutting down the waiting time of lots of wafers in production lines, the aspect of the 
present invention is to provide a preferred dispatching method of lots of wafers. 

Referring to the aforementioned aspect, when lots of wafers with priorities is 
manufactured in processes by a plurality of apparatuses, the two-way dispatching 
method of the present invention decides the orders of lots of wafers manufactured in 
processes, wherein the processes are composed of a plurality of stages, and the stages 
are composed of a plurality of workstations. The two-way dispatching method of 
manufacturing IC of the present invention includes: performing a first push step to 
dispatch first lots of wafers with a compulsory order to each workstation; calculating 
capacity of each of the equipments, and then gathering a plurality of first deficiencies 



of equipments; performing a first pull step, if an amount of lots of wafers is less than a 
full load manufactured in a first stage and has a first vacancy, then dispatching a 
second lots of wafers into a second stage in front of the first stage, wherein the 
second lots of wafers have same amount as the first vacancy; calculating capacity of 
5 each of the equipments, and then gathering a plurality of second deficiencies of 
equipments; performing a second pull step, if an amount of lots of wafers is less than a 
3 full load manufactured in a first workstation with a second vacancy, then dispatching a 
1 third lots of wafers into a second workstation in front of the first workstation wherein 
| the third lots of wafers have same amount as the second vacancy, and the first and the 
t 10 second workstation are in the same stage; calculating capacity of each of the 
f equipments, and then gathering a plurality of third deficiencies of equipments; 
performing a second push step, dispatching lots of wafers by the priority into the 
workstations which do not have the full load. 

1 "~~ 15 In the two-way dispatching method of manufacturing IC of the present invention, 

the lots of wafer with a compulsory order include lots of wafers with a special priority, 
delayed lots of wafers and idle lots of wafers so as to influence the processes of 
manufacturing IC. In addition, the second is next to the first stage, and the second 
workstation is next to the first workstation. 

20 

When the first stage is the last one of the stages, the two-way dispatching 
method of manufacturing IC of the present invention even includes repeating the first 
pull step to dispatch from the second stage to the first one of the stages in turn, thereby 
dispatching all stages are dispatched. Similarly, when the first workstation is the last 
25 one of the workstations, the two-way dispatching method of manufacturing IC of the 



3 



# 



present invention even include repeating the second pull step, to dispatch from the 
second workstation to the first one of the workstations in turn, thereby dispatching all 
workstations in the same stage. 

5 Applying to dispatching method of wafers, the two-way dispatching method of 

manufacturing IC of the present invention even include: providing a database which 
has process data of lots of wafers manufactured in each of the workstations; 
3 determining priorities of lots of wafers by the process data; obtaining capacity limits of 
| equipments; obtaining a standard amount of wafers manufactured by equipments from 
5 10 the capacity scheme system; calculating the deficiencies of equipments by estimating 
5 the standard amount of wafers manufactured by equipments; dispatching lots of wafers 
by the two-way dispatching method of manufacturing IC which estimating the priority 
t of lots of wafers, the capacity limits of equipments and the deficiencies of equipments; 
3 printing a dispatching list of the result dispatching by the two-way dispatching method 
S M 5 of manufacturing IC. 

The two-way dispatching method of manufacturing IC of the present invention 
employs push and pull two-way, and is concerned with not only short-term 
arrangement in the IC factory, but also the balance of production line, so as to increase 
20 the utility of equipments. 

BrifiLDfiScjipliaB of the Drawings 

The foregoing aspects and many of the attendant advantages of this invention 
25 will become more readily appreciated as the same becomes better understood by 
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referencing the following detailed description, when taken in conjunction with the 
accompanying drawings, wherein: 

FIGURE 1 illustrates the general dispatching method of manufacturing IC; 
5 FIGURE 2 illustrates the dispatching method of manufacturing IC of the 

present invention; 

!| FIGURE 3 illustrates the schematic diagram of IC processes of the present 

!.;j3 

i,r| invention; 

■S FIGURE 4 illustrates the priorities of lots of wafers in the preferred 
£ 10 embodiment of the present invention; and 

U FIGURE 5 illustrates the dispatching method of manufacturing IC of the 

ry present invention. 

M- pptaiisH Descri ption of th e Pref e rred Embodiment 
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Although it takes hundreds of steps for manufacturing an IC, the waiting time 
of lots of wafers in the production line can be decreased by the optimal dispatching 
method. Therefore, the present invention provides a dispatching method of 
manufacturing IC to balance the production line. FIGURE 2 illustrates the 
dispatching method of manufacturing IC of the present invention. When lots of 
wafers is manufactured in processes, data of WIP 20 are obtained from a database, 
and priorities 22 of lots of wafers are determined by prechosen parameters. The 
processes are composed of a plurality of workstations, and for the convenience of 



5 



management, several workstations are divided into several stages. After 
determining priorities of lots of wafers 22, the dispatching method of wafers of the 
present invention determines the needs of workstations by the two-way dispatching 
method of manufacturing IC 24, then dispatching wafers by the priorities 26. 

The step 24 is the two-way dispatching method of manufacturing IC of the 
present invention determining the needs of workstations. After determining the 
priorities of lots of wafers, the two-way dispatching method of manufacturing IC of 
the present invention uses push and pull step to determine the dispatching order of 
lots of wafers in workstations. The push step is to concern lots of wafers which 
need urgently manufacturing and dispatching, so that no matter how crowded or 
delayed are the lower units, wafers are dispatched directly from upper process, so that 
the lots of wafers need urgently manufacturing can be always dispatched in the first 
order. On the other side, the pull step is first to concern deficiencies in the lower 
unit, and then to dispatch wafers from the upper units, so that the utilities of 
equipments are increased. After the needs of equipments are determined by two- 
way dispatching method of the present invention, the other lots of wafers are 
dispatched by their priorities. 

The following preferred steps of dispatching wafers to workstations by the 
two-way dispatching method of manufacturing IC of the present invention include: 



(1) Performing a push step. WIP is judged with compulsory priority 



equipment respectively, and these wafers are dispatched to the workstations 
Then, the capacities and the deficiencies of equipments are recalculated. 



(2) Performing a pull step, where the deficiencies of the lower units are 
concerned. The vacancies of stages from the deficiencies of equipments at step (1) 
is calculated, and the full load of the coming stage is in order to be filled, and the lots 
of wafers are dispatched to a stage, which have the same amount as the vacancy of 
the coming stage. The pull step is performed from the last stage. If the last stage 
is not filled to the full load, then wafers having the same amount as the vacancy of 
the last stage are dispatched to the one before the last stage. After the last stage is 
performed with the pull step, the one before the last stage follows, and so are for the 
all stages. Then, the capacities and the deficiencies of equipments are recalculated. 

(3) Performing a push step, where the needs of the lower units are concerned. 
The vacancies of workstations from the deficiencies of equipments at step (2) are 
calculated, and the full load of the coming workstations is in order to be filled, and 
the lots of wafers are dispatched to a workstation, which have the same amount as the 
vacancy of the coming workstation. The stages in the processes of manufacturing 
IC include a plurality of workstations, and at the step (2), wafers are dispatched into 
stages, so that, at the step (3), wafers are just dispatched into workstations. The pull 
step is performed from the last workstation. If the last workstation is not filled to 
the full load, then wafers having the same amount as the vacancy of the last 
workstation are dispatched to the one before the last workstation. After the last 
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workstation is performed with the pull step, the one before the last workstation 
follows, and so are for the all workstations. Then, the capacities and the 
deficiencies of equipments are calculated. 

5 (4) Performing a push step. The surplus of wafers is dispatched into the 

workstations, which is not filled with the full load, by foregoing priorities. 

% In the step (1) of the two-way dispatching method of manufacturing IC of the 

as 

Zi present invention, the lots of wafers with a compulsory priority include the lots of 

% 10 wafers with special priorities, delay lots of wafers and idle lots of wafers affecting the 
u IC production, and they are determined by actual processes. In addition, the 

fjj characteristic of the present invention is that pushing wafers into all stages composed 
K of a plurality of workstations first, then pulling wafers into the single workstation, 
■ * and at last dispatching wafers by priorities. Therefore, both with the single stage 
1 5 and the workstation are concerned, so as to avoid running out of WIP. The two-way 
dispatching method of manufacturing IC of the present invention is not limited to the 
aforementioned four steps, and neither to the dividing of stages and workstations. 
The present invention may further add push or pull steps in the dispatching method, 
or divide larger and smaller work units in accordance with the actual manufacturing 
20 equipments and processes of products. 

Following is the preferred embodiment of the two-way dispatching of 
manufacturing IC of the present invention. Referring to FIGURE 3, FIGURE 3 
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illustrates the schematic diagram of IC processes of the present invention. In the 
embodiment, all the IC processes include 17 workstations from workstation Pi to 
workstation Pi 7, and wafers are manufactured with these workstations. Due to the 
different o products, some wafers are not processed in all stage or workstations 
5 before completely manufactured. The foregoing process has four bottleneck 
workstations, which are bottleneck workstation PI, bottleneck workstation P5, 
i bottleneck workstation P9, and bottleneck workstation P 1 3, and the present invention 
n determines that the region of a stage is located between two bottleneck workstations, 
j Hence, where between bottleneck workstation Pi and bottleneck workstation P 5 is 
2 10 stage I , and stage I includes bottleneck workstation Pi, workstation P 2 , workstation 
± P 3 , and workstation P 4 ; where between bottleneck workstation P 5 and bottleneck 
% workstation P 9 is stage II , and stage II includes bottleneck workstation P 5 , 
5 workstation P 6 , workstation P 7 , and workstation P 8 ; where between bottleneck 
workstation P 9 and bottleneck workstation P13 is stage HI, and stage III includes 
15 bottleneck workstation P 9 , workstation P10, workstation Pn, and workstation Pi 2 ; 
where between bottleneck workstation P 0 and bottleneck workstation P i7 is stage IV, 
and stage IV includes bottleneck workstation P13, workstation P14, workstation P15, 
workstation P 16 , and workstation P 17 . Each workstation, including from workstation 
P, to workstation P n , has a respective full load of WIP, including from full load of 
20 WIP Xi to full load of WIP X t7 , and each stage, including from stage I to stage II , 
has a respective full load of WIP, including from full load of WIP Y, to full load of 
WIP Y 4 . Especially, the foregoing 17 workstations, from workstation Pi to 
workstation P, 7 , are not composed of 17 equipments. As a result of the process of 
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reusing equipments, the amount of equipments may be less than 17. 



First, the present invention is to determine the priorities of lots of wafers, and 
to dispatch the lots of wafers with a compulsory order into workstations of stages. 
FIGURE 4 illustrates the priorities of lots of wafers in the preferred embodiment of 
the present invention. Referring to FIGURE 4, the sorting principles include 
general grades of lots of wafers, delay factors, idle factors, and boss instructions. 
The general grades f lots of wafers include A grade, B grade, and C grade of lots of 
wafers. The boss instructions have right to change dispatching order regardless of 
priorities, so that lots of wafers with special needs may be dispatched first. 
Therefore, lots of wafers are divided into 7 grades as shown in FIGURE 4, and from 
the first to the end, the dispatching orders in turn are lots of wafers with urgent, 
compulsory or idle order 100, lots of wafers with A + grade 102, lots of wafers with A 
grade but delay 104, lots of wafers with B grade but delay 106, lots of wafers with A 
grade 108, lots of wafers with B grade 1 10, and lots of wafers with C grade 112. 

After the wafers with a compulsory order are dispatched, wafers are dispatched 
into workstations by the two-way dispatching method of manufacturing IC of the 
present invention, including: 

(1) Performing a push step. The lots of wafers with urgent, compulsory or 
idle order 100, lots of wafers with A + grade 102, and lots of wafers with A grade but 
delay 104, such as shown in FIGURE 4, are dispatched to the workstations first. 
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Then, the capacities and the deficiencies of equipments are calculated. 



(2) Performing a pull step from the last one of stages, stage IV. If the stage 
IV is not filled to the full load Y 4 and has a vacancy L 4 , then wafers having the same 
amount as the vacancy L 4 of the stage IV are dispatched to the stage HI, in front of 
stage IV. Following, a pull step is performed from the stages IE. If the stage IE 
is not filled to the full load Y 3 and has a vacancy L 3 , then wafers having the same 
amount as the vacancy L 3 of the stage HI are dispatched to the stage n , in front of 
stage IE. Following, a pull step is performed from the stages H. If the stage H 
is not filled to the full load Y 2 and has a vacancy L 2 , then wafers having the same 
amount as the vacancy L 2 of the stage II are dispatched to the stage I , in front of 
stage II . After all the stages are performed with the pull step, then the capacities 
and the deficiencies of equipments are recalculated. 

In the aforementioned pull steps, the lots of wafers, which will be processed in 
the next stage, are just dispatched to fill the full load of the one before the next stage. 
It is to say that the wafers not manufactured in a stage should not be dispatched in the 
one before the stage. 

(3) Performing a pull step from the last one of workstations in the stage IV, 
workstation P n . If the workstation P [7 is not filled to the full load X n and has a 
vacancy W, 7 , then wafers having the same amount as the vacancy W n of the 
workstation P17 are dispatched to the workstation P )6 , in front of workstation P ]7 . 
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Following, a pull step is performed from the workstation Pi 6 . If the workstation P ]6 
is not filled to the full load X ]6 and has a vacancy W 16 , then wafers having the same 
amount as the vacancy W )6 of the workstation Pi 6 are dispatched to the workstation 
P 15 , in front of workstation P ]6 . Following, a pull step is performed from the 
workstation P ]5 . If the workstation P t5 is not filled to the full load Xi 5 and has a 
vacancy Wi 5 , then wafers having the same amount as the vacancy Wis of the 
workstation P15 are dispatched to the workstation Pi 4 , in front of workstation P15. 
Following, a pull step is performed from the workstation Pi 4 . If the workstation P H 
is not filled to the full load X M and has a vacancy W M) then wafers having the same 
amount as the vacancy W H of the workstation P H are dispatched to the bottleneck 
workstation P13, in front of workstation P14. After the workstations in stage IV are 
performed with the pull steps, the workstations in stage IE, stage E , and stage I 
are performed with the pull steps similarly. Then, the capacities and the 
deficiencies of equipments are calculated. 

In the aforementioned pull steps, the lots of wafers, which will be processed in 
the next workstation, are just dispatched to fill the full load of the one before the next 
workstation. It is to say that the wafers not manufactured in a workstation should 
not be dispatched in the one before the workstation. 

(4) Performing a push step. The surplus of wafers, such as lots of wafers with 
B grade but delay 106, is dispatched into the workstations, which are not filled the 
full load. 
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In the step (1) of the two-way dispatching method of manufacturing IC of the 
present invention, the wafers with compulsory order are not limited to the lots of 
wafers with urgent, compulsory or idle order 100, the lots of wafers with A + grade 
102, and the lots of wafers with A grade but delay 104. The present invention may 
determine the lots of wafers with compulsory order in accordance with the actual 
manufacturing process and requirements. 

Referring to the foregoing preferred embodiment, the more the delay lots of 
wafers are, the more delay lots of wafers the present invention is to dispatch. On the 
other hand, when the delay lots of wafers are less, the present invention may perform 
the pull step (2) or the pull step (3) to resolve the problems of the deficiencies of 
workstations. Therefore, the two-way dispatching of manufacturing IC of the 
present invention has the advantages of taking both priorities of wafers and utilities 
of equipments into consideration. 

The preferred embodiment of dispatching method of wafers using the two-way 
dispatching method of manufacturing IC of the present invention is shown in 
FIGURE 5. FIGURE 5 illustrates the dispatching method of manufacturing IC of 
the present invention. Referring to FIGURE 5, the present invention downloads the 
latest data of WIP 202 of equipments, and performs the delay calculation 212 to 
confirm the condition and delay time of wafers. Then, the present invention 
determines the priorities of lots of wafers by the data of WIP 202 and the result of 
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delay calculation, and sorts the wafers by priorities 214. On the other hand, the 
present invention gathers the standard amount of wafers 206 from the capacity 
scheme system206, and compares them with the data of WIP 202 in database 200, 
thereby calculating the deficiencies of equipments 210. Then, according to the 
5 results of sorting wafers with priorities 214 and calculating deficiencies of 
equipments 210, wafers are dispatched by the two-way dispatching method of 
: 3 manufacturing IC of the present invention 216, and restricted in the capacity limit of 
equipments 208 from capacity scheme system 204. Hence, the present invention 
gets the dispatching order of wafers, and prints a dispatching list 218 to begin the 
1 0 process of manufacturing IC. 

;;f ; The two-way dispatching method of manufacturing IC of the present invention 

reuses the push step and pull step. It not only concerns the short-term arrangement 
>*~ in the IC factory by push steps, but also the balances of production line by pull steps. 
15 

As is understood by a person skilled in the art, the foregoing preferred 
embodiments of the present invention are illustrated of the present invention rather 
than limiting of the present invention. It is intended to cover various modifications 
and similar arrangements included within the spirit and scope of the appended claims, 
20 the scope of which should be accorded the broadest interpretation so as to encompass 
all such modifications and similar structure. 
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